The synthesis and the study of some coordination polymers derived from the interaction of the acetylacetonate of Fe(III) with dinaphthylphosphinic acid, dinaphthylthiophosphinic acid and dinaphthyldithiophosphinic acid are presented. The methods applied for the study were chemical analysis, gel chromatography, Mössbauer and IR absorption spectroscopy, X-ray diffraction and thermogravimetric analysis from which the kinedic parameters of the thermal decomposition reactions were determined. The semiconductive properties of the synthesized compounds were also examined. Based on the obtained experimental data and on literature indications, the structural formulae of these compounds were assigned.
INTRODUCTION
Continuing the development of the field of coordination polymers based on organophosphinic acids, the synthesis and the study of coordination polymers of Fe(III) with ligands derived from: dinaphthylphosphinic, dinaphthylthiophosphinic and dinaphthyldithiophosphinic acids are presented in this paper. The interest for this class of compounds started in 1962, when the first compounds of this type were synthesized and studied. 1, 2 Since then research has continued and a number of important papers have been published. Some of these compounds have high thermal stability, [3] [4] [5] [6] [7] [8] [9] [10] and a small number of them have semi-conductive properties. [11] [12] [13] [19] [20] [21] Among the latest compounds prepared are those presented in this paper. RESULTS 
AND DISCUSSION

The synthesis, chemical analysis, molar weight determination and gel chromatography
The presented compounds were synthesized by different methods under various reaction conditions (in the melt, with or without refluxing in organic solvents). The best results were obtained by refluxing a mixture of iron(III) acetylacetonate and one of used phosphinic acids, in a mole ratio of in 1:3 in an organic solvent. The phosphinic acids used were dinaphthylphosphinic, dinaphthylthiuophosphinic and dinaphthyldithiophosphinic. Benzene, toluene and ethanol were used as organic solvents.
A reaction time of three hours was necessary to obtain a 100 % yield. The initial concentration of the reactants was between 0.1-0.3 mol l -1 , with benzene used the reflux solvent. When the reaction was completed, the obtained products were separated by evaporation of the solvent. The compounds are washed with distilled water and with ethanol and then dried at a temperature of 105 ºC until constant weight. All the compounds are solid brown colored products with a low solubility in organic solvents.
The chemical composition determined by classic methods are presented in Table I , together with molar weights, experimentally determined by ebulioscopy in benzene. [1] [2] From the chemical analysis and from the mole ratio of the reactants used, the following compounds are obtained: Gel chromatography was used for the determination of the degree of dispersion. For this purpose, a Water type apparatus with a column filled with styrex and cyclohexanone as eluent was used. From the registered results, it was observed that the fraction soluble in cyclohexanone gave a single peak. This showed that the analyzed fractions were relatively "homogeneous" in terms of structure and degree of polymerization.
Thermal gravimetrical analysis and the determination of the kinetic parameters of the thermal decomposition
Thermal analysis was realized using a Paulik-Erdey instrument using 50 mg samples. A heating rate of 10 ºC/min over the temperature range of 20-700 ºC was used.
The characteristic temperatures for the thermal decomposition of the studied compounds are presented in Table II . The compounds containing sulfur atoms with an oxidation number of (-2) have a lower decomposition temperature than similar compounds containing oxygen atoms. This fact is due to the reductive character of sulfur atoms. It was also observed that the naphthyl radicals increased the thermal stability of the compounds in which they are present, in comparison to the similar polymers containing alkyl or phenyl radicals. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] The activation energy and the reaction order were calculated for every thermal decomposition step, using the Freeman-Carroll method. The results are presented in Table II . The IR absorption spectra The IR-absorption spectra of the studied compounds were registered in the frequency range 400-4000 cm -1 with a SPECORD M82 instrument using the KBr technique.
The registered spectra showed differences only in the range of absorption frequencies characteristic for the groups PO 2 , POS and PS 2 , due to coordination to the central metallic atoms: 25 The characteristic absorption bands of the vibration frequencies of the groups PO 2 , POS and PS 2 are modified because of the elongation of the PO and, respectively, the PS bonds. Hence these groups in the synthesized compounds absorb at lower values than the corresponding groups in the free acids.
The characteristic absorption frequnces for the P=O groups from dinaphthylphosphinic acid lie between 1160-1190 cm -1 and for the P=S group from dinaphthylthiophosphinic acid and dinaphthyldithiophosphinc acid, between 718-750 cm -1 and 800-845 cm -1 , respectively.
The IR absorption bands of the groups:
are between 2800-2900 cm -1 ; 2525-2725 cm -1 ; 2080-2380 cm -1 ; 1139-1191 cm -1 ; 1600-1740 cm -1 ; 917-1040 cm -1 and 450-540 cm -1 . The absorption bands in the field 1450-1435 cm -1 and 1005-995 cm -1 , resulting from the P-C benzene ring bond are narrow and of moderate intensity.
The values of the vibration frequencies of the P=O and P=S groups are modified by coordination of Fe 3+ and differ by 2.3, 3.2 and 3.8 percent for compounds Fe-I, Fe-II and Fe-III, respectively.
The higher displacement of the group P=S is due to the electronic structure of sulfur atoms, which is easier distorted than that of oxygen. Also, sulfur is more polarizable than oxygen which also results in a stronger coordinative bond formation.
The Mössbauer spectroscopy
The Mössbauer spectra of the studied compounds were registered with an electrody-
namics installation with uniform accelerated movement of the source. The 57 Co isotope in a chromium matrix was used as the source. The values for the isomer displacements were measured using sodium nitroprusside as the standard sample. The determinations were made at room temperature (300 K) and also at liquid nitrogen temperature (80 K). The characteristic parameters determined from Mössbauer spectroscopy are: isomer displacement (chemical); temperature displacement, quadrupole splitting and hyperfine magnetic splitting.
The thermal spectral displacement represents approximately 0.05 mm/s 100 ºC. The decrease of the d value (Table III) is a consequence of the decreasing ionic character of iron-(III) in the synthesized compounds.
The derived compounds do not show quadrupole splitting because of the spherical symmetric electronic configuration (3d 5 ) of the central Fe(III) atom. Studying the Mössbauer spectra leads to the conclusion that in all the studied complexes, the iron is in the (+III) oxidation state with high value of the spin number (S = 5/2) which indicates a weak character of the Fe-ligand bond. Comparing the values of the isomer displacement d, a resemblance of "s-type" electronic density around the nucleus is observed. A small difference appears for the quadrupole splitting, easy observable for the Fe-II compound when the central atom iron(III) is octahedrically surrounded by three atoms of oxygen and three atoms of sulfur, derived from the dinaphthylthiophosphinic acid anion. In this compound a decrease of the symmetry of the environment of the central atom is observed with an electronic distribution nonequivalent on the molecular orbitals in the rectangular axes directions. The central iron(III) atom has the highest symmetry in compounds Fe-I and Fe-III when all the six atoms that surround the iron(III) atom are oxygen atoms (for Fe-III compounds).
The values of the DE Q parameter show that the central atom iron(III) is octahedrally coordinated in all the studied compounds.
It should also be noticed that the values of G increase with decreasing temperature which can be explained by a relaxation effect. For all the studied compounds, a temperature dependence of the isomer displacement was observed, presenting higher values than usual for Fe(III), which is in accordance with a Doppler effect of the second degree. It is probable that on increasing the temperature from 80 to 300 K, an increase of the oscillation of the Fe(III) atom in the crystalline lattice occurs. Also, a displacement of the "s" type electronic density along the ligand-central atom bond is observed.
Comparing the values of the isomer displacement d for all the studied compounds, a similarity of the "s" electronic distribution can be seen from the Mössbauer spectral parameters
X-ray diffraction
The characterization of the studied compounds by X-ray diffraction was accomplished by computing the diffractogrammes of solid samples registered using a Kristalloflex Siemens apparatus with Cu(K a ) radiation filtered through Ni at an anodic potential of 35 kV and a current of 12 mA. The diffraction domain covered by this apparatus is 2q = 10 -45 º.
The X-ray diffractogrammes confirm the fact that all the synthesized compounds have a two phases structure with amorphous and crystalline zones.
From the X-ray diffractogrammes, the values for the degree of crystallinity were computed. Values of 25.6 %; 18.9 % and 15.3 % were found for Fe-I, Fe-II and Fe-III, respectively.
The structure of the studied compounds
An octahedral structure of the polymers was assigned from the combination rate of Fe(III) with the anions of the acids used as bidentate ligands with the oxygen and sulfur atoms from the groups:
This structure was confirmed by chemical analysis, by the absorption bands of the groups present in the synthesized compounds shown previously, in comparison with the spectra of the free acids.
Also, the Mössbauer spectra categorically show that the central iron(III) atoms are hexa-coordinated in octahedral structures of the type:
It was experimentally proven that the structure of coordination polymers of Cr(III) with anions derived from diphenylphosphinic acid corresponded to a spiral arrangement of octahedral units containing as a center the hexacoordinated metallic cation. 2 Based the experimental data presented here and on other mentioned references, the octahedral structures of the studied polymers was confirmed, similar to other coordination polymers with ligands of the same type presented previously. 2 
Determination of the electrical conductivity and of the activation energy
The electrical conductivity was determined for the temperature domain 20 to 200 ºC on solid samples of 12 cm diameter obtained under a pressure of 10 tone/cm 2 . The measurements were made using a Tesla 283 Megaohm-meter with aluminum electrodes of 1 cm 2 transversal section. The measurements were made first at 200 ºC, then the sample were cooled to 20 ºC and the measurements repeated. The values of the activation energy were computed 13 and are presented in Table IV . 
CONCLUSIONS
The compounds studied in this paper were obtained by refluxing the reactants iron(III) acetylacetonate with one of the ligands: dinaphthylphosphinic, dinaphthylthiophosphinic and dinaphthyldithiophosphinic acids, in an organic solvent (benzene, toluene, etc.).The mole ratio of the reactants was in all cases 1:3.
The values of the molar weights of the compounds determined in benzene showed that they are oligonic (average degree of polymerization is 8).The ligands are bidentate. Hexa-coordinated octahedral structures are formed. This fact was confirmed by Mössba-uer spectroscopy. These structures are similar to other coordination polymers of the same type presented in other papers. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The practical importance of these compounds results from their semi-conductive properties and high thermal stability, properties that are very rarely exhibited in the same compound. Prikazane su sinteze i rezultati prou~avawa nekih koordinacionih polimera koji nastaju interakcijom acetilacetonata Fe(III) i dinaftilofosfinske kiseline, dinaftiltiofosfinske kiseline ili dinaftilditiofosfinske kiseline. Pri tome su kori{}ene: hemijska analiza, gel hromatografija, Mosbauer i IR apsorpciona spektroskopija, rendgenska difracija, kao i termogravimetrijska analiza, za odre|ivawe kineti~kih parametara reakcija termi~kog razlagawa. Tako|e, odre|ivane su i poluprovodni~ke osobine sintetizovanih jediwewa. Na osnovu dobijenih rezultata i literaturnih podataka ovim jediwewima su pripisane i odgovaraju}e strukturne formule.
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